a b s t r a c t
Risk factors for deep-vein thrombosis have been shown not to be always the same as for pulmonary embolism. A well known example is the factor V Leiden (FVL) paradox: the FVL mutation poses a clearly higher risk for deep-vein thrombosis than for pulmonary embolism. We aimed to expand this paradox and therefore present risk estimates for several established risk factors for deep-vein thrombosis and pulmonary embolism separately. When such separate risk estimates could not be retrieved from the literature, we calculated these risks in our own data, a large population based case-control study on venous thrombosis (the MEGA study). Our results showed that the FVL paradox can be broadened, i.e., the risk factors oral contraceptive use, pregnancy, puerperium, minor leg injuries, and obesity have an effect comparable to FVL. Furthermore, we found that pulmonary conditions like chronic obstructive pulmonary disease, pneumonia as well as sickle cell disease were risk factors with an opposite effect: a higher risk of pulmonary embolism, but little or no effect on deep-vein thrombosis. These findings suggest that pulmonary embolism and deep-vein thrombosis may not always have the same etiology, and encourage unraveling this phenomenon in further studies. i n t r o d u c t i o n Venous thrombosis (VT) is a disease with two main manifestations, pulmonary embolism (PE) and deep-vein thrombosis (DVT) . With an incidence of 1 to 3 per 1000 per year, 1 VT causes significant morbidity and mortality. Risk factors for VT have been thoroughly studied and can be divided into genetic and acquired risk factors. Surprisingly, considering that PE and DVT are regarded as the same disease, it appears from several studies that risk factors for PE are different from those for DVT. The most prominent difference has been found for factor V Leiden (FVL) . DVT patients are more likely to carry the FVL mutation than PE patients. 23 Compared with control subjects, the relative risks of DVT and PE, expressed as odds ratios, were 4.5 (95%CI 3.8-5.3) and 1.7 (95% CI 1.3-2.2), respectively. 17 This differential effect of FVL has become known as the FVL paradox. 14, 23 Many studies from different countries have confirmed the paradox since the concept was put forward in 1996. [15] [16] [17] [24] [25] [26] [27] [28] [29] When we consider other risk factors, some also appear to have differential effects on the risk of PE and DVT, e.g. sickle cell disease which was found to be associated with a higher risk of PE than DVT. 30 With this in mind, the question arises whether thinking of venous thromboembolic disease as one entity is always justified.
We aimed to give an overview of currently known risk factors for VT, and to assess risk estimates for PE and DVT separately. When the literature search did not yield risk estimates separately for DVT and PE, we calculated these odds ratios in our own data, i.e. a large population based case-control study on causes of VT, the MEGA study.
m e t h o d s
For this overview, two data sources have been used. First, we performed a systematic review including studies obtained from an extensive Pubmed search on all common risk factors for PE and DVT which described separate risk estimates for both disease entities. Secondly, when we could find in the literature no or only one report for a specific risk factor providing separate effects, we calculated these risk estimates using data from a large population based case-control study (MEGA) .
data selection for the systematic review A selection was made from recent literature to list common genetic and acquired risk factors for VT. 31 Coagulation factors were not included in this overview, as they were considered not to be primary risk factors but rather mediators of disease. For these factors a Pubmed search was performed for articles using the following criteria: papers should present risk estimates such as relative risk (RR), odds ratio (OR) or incidence rate ratios (IRR) with 95% confidence intervals. Estimates should be presented for DVT and for PE separately, and the same reference group had to have been used, to allow comparison of relative risks. When articles presented crude data with the possibility to calculate the above described effect measures, they were also included in this overview. (Re)calculated data were marked in the tables. We included data from population-based studies and excluded family studies. A detailed description of our search strategy can be found in the Appendix. In addition to the articles that were found by the Pubmed literature search, we used cross-references to extend the search.
VT events had to have been either confirmed by an imaging modality, such as compression ultrasonography, CT pulmonary angiography, or ventilation-perfusion scanning; or diagnosed as International Statistical Classification of Diseases (ICD) codes.
All included articles had to describe whether they studied PE alone or PE with or without concomitant DVT. Meta-analyses presenting pooled effect measures from different populations were not included.
defining criteria for differences between risk factors
When we interpreted the effect of a risk factor for PE and DVT, we compared relative risks. However, for a fair comparison the absolute risk of PE and DVT has to be taken into account, because their baseline incidences are different. The incidence of DVT in the population is generally twice as high as the incidence of PE. 1 Therefore, when a risk factor adds a similar absolute risk to the baseline risk of PE and DVT, we expect that the RR (DVT) is smaller than the RR (PE). For example, when the baseline risk for DVT is 2/1000 per year and for PE 1/1000 per year, and a risk factor adds 2/1000 cases per year, the relative risk for DVT will be 2 (4/2) and that for PE will be 3 (3/1). The RR(PE)/RR(DVT) is 1.5 in this case. So, for risk factors with a RR above 1, the following conditions hold true (Appendix 1):
• If 1 ≤ RR(PE)/RR(DVT) < incidence (DVT)/incidence(PE), the risk factor is considered to have a similar effect for DVT as for PE. This can be rewritten as 1 ≤ RR(PE)/RR(DVT) < 2. • If RR(PE)/RR(DVT) < 1 or RR(PE)/RR(DVT) ≥ 2 the effect of the risk factor on the incidences of DVT and PE is considered not to be similar.
To illustrate the applicability of this criterion we tested it on all ten studies into the separate effect of FVL where it was met eight times. In case a study presented inverse RRs (i.e. the protective effect of a risk factor was given) we first converted these RRs to their inverse to be able to use our criterion. When two or more studies were available on a certain risk factor, we considered pooling the reported risk estimates for DVT and for PE. However, after studying the data in more detail, we decided that pooling was undesirable, due to heterogeneity of the study designs (case-control versus cohort studies), heterogeneity in age distribution of the study populations, and the occurrence of reports of both protective effects and harmful effects for one risk factor. When two or more studies were available, we considered a risk factor to have a different effect on DVT and PE if the risk of DVT was consistently higher than that of PE, or vice versa, according to the above defined criterion.
design of the mega case-control study
The MEGA study is a population based case-control study that included consecutive patients with a first event of DVT or PE. 17 Patients aged 18-70 years provided a questionnaire and DNA or plasma. Inclusion of patients took place between 1999-2004 from six anticoagulation clinics in the Netherlands. Controls were either partners of the patients, or random digit dialing controls. 5183 cases and 6297 controls were enrolled in the MEGA study. 4751 cases and 5916 controls completed the questionnaire. In 4483 cases and 4880 controls DNA was available (from either blood or buccal swabs). For 2469 cases and 2940 controls blood samples were available (number limited for logistic reasons). A logistic regression model was applied to calculate odds ratios for DVT patients versus controls and PE patients versus controls. In addition, patients with both PE and concomitant DVT were analysed as a third group, in comparison with controls. For each different risk factor, prespecified covariables were added to the regression model, thereby adjusting for confounding.
r e s u L t s
We initially found 420 articles of which, after applying our inclusion criteria and crossreferencing, 40 articles remained to be included (see Figure 1 and Appendix). For several risk factors however, data from the literature search were lacking. The MEGA study did not contain data for all risk factors either. Table 1 shows the risk factors that were included in our search and indicates which could be used for this review.
general and morphometric risk factors ( table 2) .
Age
Age is one of the strongest risk factors for VT and has been described as such in a number of population based cohort studies. 1, [32] [33] [34] [35] Table 2 shows four cohort studies that presented incidence rates for DVT and PE separately. The increase with age holds true for both PE and DVT patients in these studies. Overall, these four studies consistently show that age is associated with a higher risk estimate for PE than for DVT. However, the difference between PE and DVT is such that RR(PE)/RR(DVT) is not ≥2, i.e. the criterion for a definite difference between the two risk estimates is not met.
Sex
In some studies, male sex has been described as a risk factor for VT, 33, [35] [36] [37] while other studies found VT risk to be slightly higher in women. 1, 34 Table 2 shows five studies that presented data for DVT and PE separately. Due to the heterogeneity of these findings we were not able to conclude that sex has a different effect on DVT than on PE.
Ethnicity Studies presenting differences in VT incidence by ethnicity have been mainly performed in the USA. [38] [39] [40] For Asians and Hispanics, a lower incidence was found than for Caucasians, whereas African-Americans seem to be at higher risk than Caucasians. Table 2 presents RRs for African-Americans, Asians, and Hispanics with Caucasians as a reference group. From these data it appears that African-Americans tend to develop PE more often than DVT, compared with Caucasians.
Height
Increasing body height has been shown to increase the risk of VT. 41, 42 We found no studies that assessed body height as a risk factor for PE and DVT separately. Results from the MEGA case-control study on the effect of body height showed a subtle increase in risk with increasing body height for DVT and PE to the same extent (manuscript in preparation, Flinterman et al., Table 2 ).
Body Mass Index (BMI)
Overweight, defined as a BMI≥25 kg/m 2 , and obesity, defined as a BMI≥30 kg/m 2 , have been documented as risk factors for VT in several studies. Two studies presented data for PE and DVT separately. 43, 44 The first study used hospital discharge data from the National Hospital Discharge Survey (NHDS) to assess the risk of obesity on VT. 43 The RR of DVT was 2.50 (95% CI 2.49-2.51), while the RR of PE was 2.21 (95% CI 2.20-2.23). Data from the second study (MEGA) showed a clear dose-response effect for increasing BMI and VT risk. 44 In summary, both studies consistently showed that BMI was a stronger risk factor for DVT than for PE, and the criterion was met (RR(PE)/RR(DVT) < 1).
transient acquired risk factors ( table 3a) .
Immobilization/stasis
Stasis of venous blood is one of the three components of Virchow's triad and is as such a traditional risk factor for VT. We studied travel and paralysis as causes of immobilization and stasis, and their association with risk of DVT and PE. 
Ethnicity
White (2009) In a multicenter cohort study performed at emergency departments in the USA, immobilization due to neurologic causes was associated with a 10-fold increased risk of PE and an 8-fold increased risk of DVT. Travel did not seem to contribute to VT risk in this cohort. 45 In the MEGA study, the effect of various modes of travel was studied. 46 A flight of more than 4 hours gave a 3-fold increased risk of DVT (95% CI 1.3-7.1). Travel by car, bus, or train gave an OR of 1.9 (95% CI 1.1-3.2) for DVT. For PE patients the OR for air travel was 0.64 (95% CI 0.25-1.6) and for other modes of travel the OR was 4.0 (95% CI 1.5-10.7). In summary, no consistent differences in risk of DVT or PE were seen regarding immobilization and stasis.
Surgery
In the Million Women Study, different types of surgery and thrombotic outcomes were studied. 47 Risks were similar for PE and DVT, although short-term risk for PE seemed to be higher than for DVT. We calculated DVT-and PE-specific RRs using person-years from Table 2 from the original article. For the first 6 weeks postoperatively, the RR for DVT was 31.7 (95% CI 28.4-35.3) whereas for PE the RR was 41.5 (95% CI 36.9-46.7).
In the MEGA study, surgery within one year increased the risk of isolated DVT 4-fold (95% CI 3.5-4.6), with a similar 4.3-fold increased risk of isolated PE (95% CI 3.7-5.1) (unpublished data). Based on these two studies, we conclude that there is no difference in post-operative risk between DVT and PE.
Minor leg injury
In the MEGA study, there was a stronger association with minor injuries in the leg (OR adjusted for age and sex, 5.1; 95% CI 3.9-6.7) than with injuries in other parts of the body. The OR for PE was 2.4 (95% CI 1.6-3.7) whereas for DVT alone the OR was 6.3 (95% CI 4.7-8.5) (see Table 3a ). 48 We conclude that minor leg injury is a risk factor that has a stronger effect on DVT than on PE as the criterion RR(PE)/RR(DVT) < 1 was met.
Oral contraceptives
Oral contraceptive use has been identified as an important risk factor for DVT and PE since the 1960s. In the MEGA study, a different effect of oral contraceptives was found for PE (OR 3.9; 95% CI 3.2-4.8) than for DVT (OR 6.6; 95% CI 5.4-8.0). 18 A WHO multicenter case-control study including women from different continents also presented point estimates for PE and DVT separately. 49 For the European cases classified as "definitive" according to prespecified diagnostic standards, the OR for PE was 2.5 (95% CI 0.95-6.8) whereas for DVT the OR was 4.1 (95% CI 2.8-6.1). So, for European women, oral contraceptive use has a stronger effect on DVT than on PE and the criterion was met.
Pregnancy/puerperium
Pregnancy and puerperium are the strongest risk factors for VT among young women. Three studies described the risks during and after pregnancy for DVT and PE separately. [50] [51] [52] The first study, a cohort from the United States, showed an IRR of 0.23 (95% CI 0.07-0.71) for PE and an IRR of 1.9 (95% CI 1.3-2.7) for DVT during pregnancy. 52 For puerperium an IRR of 3.5 (95% CI 2.2-5.6) for PE and an IRR of 7.6 (95% CI 5.5-10.6) for DVT was found.
Another cohort study, from Glasgow, assessed the incidence of VT among 72 201 deliveries. 50 They found an incidence of 0.50 DVTs per 1000 deliveries during pregnancy and 0.21 DVTs per 1000 deliveries puerperal. For PE, an incidence of 0.07 per 1000 deliveries was found antenatal and an incidence of 0.08 per 1000 deliveries puerperal.
The MEGA study found an OR of 2.3 (95% CI 1.0-5.2) for PE and an OR of 7.8 (95% CI 4.1-15.0) for DVT during pregnancy. Postpartum an OR of 34.4 (95% CI 13.3-88.5) for PE and an OR of 72.6 (95% CI 30.1-175.4) for DVT was found. 51 All three studies consistently showed a higher risk of DVT than of PE for women during pregnancy and postpartum period, and the criterion was met.
Exercise
The few studies about VT and sports or physical activity show conflicting results; some show a slightly increased risk and some a slightly decreased risk. [53] [54] [55] [56] One study separated the risk for DVT and PE. 56 For PE an OR of 0.54 (95% CI 0.46-0.64) was found, and for DVT an OR of 0.76 (95% CI 0.67-0.86) for those who exercise at least once a week. From these findings, we conclude that there is no difference in the protective effect of exercise against PE and DVT.
Smoking
Smoking is one of the major risk factors for arterial thrombosis. However, the association with risk of VT is less pronounced. 57 Previously published data from the MEGA study reported the risk of DVT and PE separately for smokers. 58 For current smokers an OR of 1.5 (95% CI 1.3-1.7) was found for patients with DVT and a similar OR of 1.5 (95% CI 1.3-1.8) was found for PE. For former smokers an OR of 1.2 (95% CI 1.0-1.4) was found for DVT and an OR of 1.4 (95% CI 1.2-1.6) for patients with PE. Overall no differences between risk of DVT and PE were seen.
Alcohol
Results from the MEGA study showed decreased risks in case of moderate alcohol use for PE and DVT separately. 59 Drinking 2-4 glasses a day decreased the risk of PE 0.56-fold (95% CI 0.46-0.70) and of DVT 0.74-fold (95% CI 0.63-0.88). Therefore we conclude that moderate alcohol has similar effects on DVT and PE. ( table 3b) .
Cancer
Cancer is one of the systemic diseases that lead to a highly increased risk of a venous thrombotic event. Of many studies published on this topic, only the MEGA study presented results separately for PE and DVT patients. 60 In this study, the risk of PE in patients with cancer compared with controls (OR 4.6; 95% CI 3.6-6.4) was similar to the risk of DVT (OR 4.0; 95% CI 3.0-5.3).
COPD
PE often occurs among patients with chronic obstructive pulmonary disease (COPD). [61] [62] [63] However, the risk of DVT among these patients was not known until recently. A nested case-control study showed a 3.6-fold (95% CI 1.3-9.7) increased risk of PE for patients with mild COPD, and a 7.5-fold (95% CI 2.4-23.7) increased risk of PE for patients with severe COPD. No increased risk of DVT was found. 64 In the MEGA study we found a 3.2-fold increased risk of PE (95% CI 2.4-4.2) for patients with COPD and a 1.6-fold (95% CI 1.2-2.1) increased risk of DVT for patients with COPD (manuscript in preparation, Flinterman et al.). In summary, according to two studies, COPD seems to be a risk factor for PE but hardly so for DVT. Our criterion was met in both studies.
Sickle cell trait
Two studies assessed the risk of DVT and PE separately in patients with sickle cell disease. 30, 65 The first study was a cross-sectional study performed in the NHDS database, that contains hospital data from the US. 65 For PE, a RR of 1.5 (95% CI 1.4-1.6) was found and for DVT a RR of 0.75 (95% CI 0.74-0.76).
The second study was a case-control study (the GATE study). 30 These investigators found a 3.9-fold (95% CI 2.2-6.9) increased risk of PE for sickle cell trait patients and a 1.1-fold (95% CI 0.65-1.9) increased risk of DVT. Both studies showed an increased risk of PE and no increase in risk of DVT and fulfilled the criterion.
Inflammatory bowel disease (IBD: M. Crohn and Ulcerative Colitis)
IBD has been shown to be associated with a 1.5-to 3.6-fold increased risk for VT. [66] [67] [68] In one cohort study from Canada, risks for DVT and PE were presented separately. The IRR was 4.7 (95% CI 3.5-6.3) for DVT and 2.9 (95% CI 1.8-4.7) for PE in Crohn's disease and 2.8 (95% CI 2.1-3.7) for DVT and 3.6 (95% CI 2.5-5.2) for PE, in ulcerative colitis. 69 Therefore, no conclusions can be drawn as to a difference in risk for PE and DVT.
Kidney disease
Kidney disease is a broad definition, but recent studies have found an increased risk of VT for most underlying causes. Again, only the MEGA study had data separately for 
Hyperthyroidism
Thyroid dysfunction, particularly free T4 level, has only recently been shown to be a risk factor for VT. 70 However, only patients with a DVT of the leg were enrolled in this study and no PE patients. Data from another case-control study (TROL study, Norway) showed a two-fold increased risk of DVT (95% CI 1.2-3.5) for individuals with FT4 levels above the 95 th percentile compared with the reference category. The risk of PE was 1.2-fold increased (95% CI 0.5-2.7). (manuscript submitted, Debeij et al.)
In the MEGA study, individuals with FT4 levels above 24 pmol/l had a 2.2-fold increased risk of PE (95% CI 0.6-8.3), compared with the reference group (FT4 < 24 pmol/l). The risk of DVT was similar, with an OR of 2.7 (95% CI 1.2-6.2). (manuscript submitted, Debeij et al.) In conclusion, no consistent differences were found in the risk of hyperthyroidism for PE and DVT.
genetic risk factors ( table 4) .
Blood group (non-O vs O)
In 1969, Jick described a 1.6-fold increased risk of VT (95% CI 1.0-2.7) for a group of non-O carriers as compared to blood group O carriers. 71 Later studies included only DVT patients 72-74 or DVT and PE patients but without outcome measures for each group separately. 71,75-80 So, we could use data from only 3 studies.
The LITE study showed estimates for non-O versus O blood group carriers of 1.4 (95% CI 1.1-1.8) for DVT as opposed to an OR of 2.0 (95% CI 1.4-2.9) for PE, after age adjustment. 81 Data from the MEGA study showed an OR of 2.3 (95% CI 2.0-2.6) for DVT of blood group non-O versus O, whereas the risk of PE was 1.7-fold increased (OR 1.7; 95% CI 1.4-1.9) (manuscript in preparation, Lijfering et al.) .
Another study that presented data for DVT and PE patients separately was performed in women registered with a VT discharge diagnosis during pregnancy or puerperium. 82 Here, blood groups A and AB were associated with a similarly increased risk for DVT and PE. Due to the high baseline risk in this study (all women were either pregnant or postpartum), we did not include these results in Table 4 . To conclude, we found no difference in effect estimates for PE compared to DVT. 
Factor V Leiden
We have described the FVL paradox in the introduction. Table 4 shows the studies that presented data for PE and DVT separately. Although the ORs varied between studies, the direction of the effect was consistently towards a higher risk for DVT than for PE. Of note, the risk estimate for patients with PE and concomitant DVT is generally closer to the OR for DVT than to the OR for PE.
Prothrombin G20210A
This mutation was described in 1996 83 and was shown to increase the risk of thrombosis 3-fold. Its prevalence has been shown to differ between PE and DVT patients, but no clear paradox as for FVL has been described. Results from the MEGA study showed an OR of 3.2 (95% CI 2.4-4.2) for DVT, and an OR of 2.3 (95% CI 1.5-3.3) for PE. 17 Margaglione also found a higher risk for DVT than for PE, with an OR of 3.6 (95% CI 2.4-5.4) and 2.1 (95% CI 1.1-4.1) respectively. 27 Another case-control study, from Bulgaria, found similar results: the prothrombin mutation was associated with an almost 3-fold increased risk of DVT, as opposed to a 1.4-fold increased risk of PE. 26 One study from Spain found an increased risk for thrombotic events, but no differences for DVT and PE. 25 Three studies in Table 4 show a tendency for a lower relative risk in the DVT group than in the PE group. 28, 84, 85 Of note, a case-control study conducted in China, including 369 patients, found a zero prevalence of prothrombin G20210A and FVL in their case and control group. The authors conclude that both mutations do not seem to affect Asian PE and DVT patients. We did not include this study in our table. 86 In summary, the presented data do not point in one direction for the prothrombin mutation, and we conclude that there is no difference in risk of DVT and PE.
d i s c u s s i o n
The differential effect of the FVL mutation on PE and DVT has become known as the FVL paradox. This paradox formed the initial inspiration for this overview, in which we assessed whether differential effect sizes for DVT and PE could be confirmed for other common VT risk factors. We hypothesized that the paradox could be broadened. In the following sections we discuss risk factors divided into two categories: those that we found to give a higher relative risk of DVT than PE (i.e., in line with the FVL paradox), and those that had a higher risk of PE than DVT. Furthermore, we propose mechanisms for the differences we found. Finally, misclassification of DVT and PE and other limitations are addressed.
A higher risk for DVT than PE was defined as RR(PE)/RR(DVT) <1. In addition to FVL, this held true for the reproduction-related risk factors, i.e. pregnancy, puerperium, and use of oral contraceptives, as well as for obesity and minor leg injuries. The original factor that the 'paradox' is named after, factor V Leiden, leads to increased APC resistance. It is notable that several of the factors that also showed a higher risk for DVT than for PE also lead to increased APC resistance, i.e. oral contraceptives, pregnancy and puerperium. In an ETP-based assay, the vast majority of FVL-independent APC resistance was attributable to oral contraceptive use or pregnancy. 87 A similar mechanism is likely for obesity, which also posed a higher risk for DVT than PE. In the MEGA study, APC resistance increased linearly with increasing BMI in subjects without FVL. 88 (manuscript submitted, Christiansen et al.) . Also, obesity displayed synergistic effects with other causes of APC resistance leading to highly elevated incidences of thrombosis, i.e., when jointly present with oral contraceptive use and the presence of the FVL mutation. 44 So, these data suggest that APC resistance preferentially affects the risk of DVT and not of PE, and that this holds true for all upstream thrombotic causes acting via APC resistance, as FVL, obesity, pregnancy, puerperium and oral contraceptive use. This preferential effect of APC resistance on DVT has been explained for FVL through an impaired TAFI-dependent profibrinolytic response to APC, hence decreased fibrinolysis and thereby decreased embolization. 89, 90 Possibly this also applies to individuals who are APC resistant for other reasons.
As for minor leg injuries, a relationship with APC resistance has not been studied, and does not seem likely. Therefore, we propose a different mechanism here: due to the nature of the injuries, it may be that a thrombus develops locally rather than that systemic activation of the clotting system occurs. Ankle sprains for example will likely lead to local thrombus formation due to tissue damage and restrained mobility. In most cases however, patients with this kind of injuries are not immobilized for a long period of time and tend to recover quickly. These patients could therefore be less likely to develop a PE than a DVT.
A higher risk of PE than of DVT was defined as RR(PE)/RR(DVT) ≥ 2. We found that COPD and sickle cell disease fulfilled this criterion. In fact, they were found to have no or little effect on DVT.
Sickle cell trait gave a 4-fold increased risk of PE, whereas for DVT the risk was not increased at all (OR 1.1; 95%CI 0.7-1.9). 30 Sickle-shaped cells have a tendency to form clots, and once formed, these clots are easily trapped in the microcirculation of the brain or in the smaller pulmonary arteries. This may occur in an acute chest syndrome, where hypoxia further enhances coagulation. This local chronic inflammatory reaction may predispose for PE. Of note, as sickle cell trait has a high prevalence in African Americans, this could in part explain the higher risk of PE than DVT in African Americans compared with Caucasians. 30 For COPD, there were two studies that both showed effect estimates that were higher for PE than for DVT. (manuscript in preparation, Flinterman et al.) 64 As with sickle cell disease an explanation may be sought in the inflammatory component of COPD. This hypothesis is strengthened by a recent finding in the MEGA study, i.e. that pneumonia, as an acute inflammatory process in the lungs, increased the risk of PE with an OR of 8.4 (95% CI 6.4-10.9). For DVT alone, the OR was 3.1 (95% CI 2.3-4.1) (manuscript submitted, Ribeiro et al.). As pneumonia is not an established VT risk factor, we did not include this item in our literature search.
Limitations
First, relatively few studies (~10%) of our initial literature search yielded relevant information to answer our research question. Of the studies we included, we depended on their methodology that could have had limitations in terms of possible bias and confounding. Second, there may have been misclassification in the DVT and PE patient groups, as one of the two VT presentations may sometimes coincide symptomless with the other. Up to 40% of DVT patients has been shown to have a concomitant silent PE. 91 In addition, in the overview of current literature, we would have preferred to include only studies with proven isolated PE and not all studies provided this. Nevertheless, through such misclassification the contrast we found between PE and DVT will at most have been diluted. Therefore, differences that we have found are likely to have been larger had selection criteria been followed more strictly. Third, oral contraceptives were shown to be a stronger risk factor for DVT than for PE in two studies (criterion met). 18,49 However, the WHO study results were presented separately for Europe and other continents (Africa, Asia and Latin America), and the effect estimates for Europe were not in the same direction as for the other regions. 49 As ethnicity has a strong impact on risks for PE and DVT, we feel the scarce results on non-Europeans are difficult to interpret.
Finally, we found several pulmonary conditions that conferred a higher risk for PE than DVT. COPD patients may be more likely to undergo a CT-scan of the thorax than an ultrasonography of the legs due to their clinical complaints, thereby increasing the probability of finding a PE. Therefore, we cannot exclude that part of the effect may be explained by this increased frequency of thoracic imaging in patients with pulmonary disease manifestations.
two different sides of the vt spectrum
We found several risk factors for VT that have a differential effect on PE and on DVT. Therefore, the etiology of PE and DVT is apparently not always the same and we suggest that PE and DVT are two different sides of the VT spectrum. A difference is also apparent in the pattern of recurrent VT events. If DVT and PE are merely different expressions of the same disease, the anatomical location of recurrence would be expected to be random, i.e., independent of the location of the first event. However, after a PE, patients are more likely to develop a recurrent PE rather than a DVT whereas patients with a DVT more often develop recurrent DVT. 32, 92, 93 These findings are not purely academic and may have implications for prophylaxis regimens, since the balance of preventing thrombosis at the cost of bleeding should depend on whether the prevented events are DVTs or PEs.
conclusion In this overview of the literature, enriched with data from the MEGA study, we assessed whether differential effects for DVT and PE could be confirmed for other common VT risk factors than FVL in an effort to broaden and understand the 'factor V Leiden paradox' . We found that the paradox could indeed be expanded by several risk factors with a higher risk for DVT than for PE. The differential effect of most of these risk factors (oral contraceptive use, pregnancy, puerperium and obesity) can be explained through increased APC resistance. In addition, minor leg injuries gave a higher risk of DVT than of PE, possibly due to the local effect of trauma. Pulmonary inflammatory diseases such as pneumonia and COPD, as well as sickle cell disease, increased the risk of PE, but posed little risk of DVT. Therefore we propose that PE and DVT should not always simply be considered as two manifestations of the same disease. These findings encourage unraveling the different mechanisms in further studies.
